Patients with semantic dementia (SD) make numerous phoneme migration errors when recalling lists of words they no longer fully understand, suggesting that word meaning makes a critical contribution to phoneme binding in verbal short-term memory. Healthy individuals make errors that appear similar when recalling lists of nonwords, which also lack semantic support. Although previous studies have assumed that the errors in these two groups stem from the same underlying cause, they have never been directly compared. We tackled this issue by examining immediate serial recall for SD patients and controls on "pure" word lists and "mixed" lists that contained a mixture of words and nonwords. SD patients were equally poor at pure and mixed lists and made numerous phoneme migration errors in both conditions. In contrast, controls recalled pure lists better than mixed lists and only produced phoneme migrations for mixed lists. We also examined the claim that semantic activation is critical for words in the primacy portion of the list. In fact, the effect of mixed lists was greatest for later serial positions in the control group and in the SD group recall was poorest towards the ends of lists. These results suggest that mixing nonwords with words in healthy participants closely mimics the impact of semantic degradation in SD on word list recall. The study provides converging evidence for the idea that lexical/semantic knowledge is an important source of constraint on phonological coherence, ensuring that phonemes in familiar words are bound to each other and emerge together in recall.
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Introduction
Influential models of verbal short-term memory (STM) hold that the meanings of words make a critical contribution to short-term retention (Dell, Schwartz, Martin, Saffran, & Gagnon, 1997; Martin & Gupta, 2004; Martin, Lesch, & Bartha, 1999; Patterson, Graham, & Hodges, 1994) . Though the details of these models vary, they share the view that the interaction of long-term semantic representations with temporary phonological activation is key to our recall of word sequences. Support for this proposal comes from two main sources. In studies of healthy subjects, recall is sensitive to the semantic properties of the material to be remembered (e.g., Poirier & Saint-Aubin, 1995; Walker & Hulme, 1999) and in neuropsychological studies, impairments to semantic knowledge are associated with particular deficits in word list recall (e.g., Martin & Saffran, 1997; Patterson et al., 1994) . It is generally held that these two approaches -variation in the semantic properties of the stimuli in healthy participants vs. variation in the semantic abilities of the * Corresponding author. Tel.: +44 161 275 7336; fax: +44 161 275 2873.
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patients in neuropsychological studies -examine the same underlying influence of semantics on verbal STM. However, in the absence of detailed comparisons between patients and controls, it is difficult to assess whether this is the case. In this study, we addressed this issue by directly comparing the phonological errors predicted by one theory of the semantic contribution to STM (semantic binding; Patterson et al., 1994) in the recall of healthy subjects and patients with semantic dementia.
Semantic dementia (SD) is a neurodegenerative disorder in which bilateral atrophy centred on the anterior temporal lobes is associated with a progressive and pervasive deterioration of semantic memory (Hodges, Patterson, Oxbury, & Funnell, 1992; Snowden, Goulding, & Neary, 1989) . The semantic impairment affects a wide range of verbal and non-verbal tasks (Bozeat, Lambon Ralph, Patterson, Garrard, & Hodges, 2000; Bozeat, Lambon Ralph, Patterson, & Hodges, 2002; Warrington, 1975) , suggesting that SD involves the degradation of an amodal store of semantic knowledge (Rogers et al., 2004) . Perhaps the most striking feature of the disease is the degree to which other cognitive functions are preserved: visuospatial abilities, episodic memory, non-verbal reasoning, syntax and phonology all remain largely intact (Hodges et al., 1992) . SD patients perform well on phonological discrimination tasks such
